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(54) SEMICONDUCTOR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To make the overall size of 
a semiconductor compact, by providing a diode formed 
of a semiconductor having a band gap wider than that of 
Si connected in parallel with respect to a switching 
device group consisting of a plurality of switching 
devices connected in series and capable of being 
controlled via a control terminal. 
SOLUTION: A plurality of switching devices 1 are 
connected in series and on diode 1 is connected in 
parallel with them. The diode 2 is formed of SiC. 
Because SiC has a band gap wider than that of Si, it can 
have a withstand voltage larger than that of Si even if it 
has a smaller film thickness. This difference results in 
that which it may have 1/10 of film thickness of a Si film 
to obtain the same withstand voltage. Therefore, the 
diode 2 can have a thinner thickness and a higher 
withstand voltage so that the overall size of a 
semiconductor can be made small and compact. 
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£kD, S i C^*-K^'y/5t^yfyyi 
^■f-yfA k©Sg^£^&©fr6^&©£Tl££>o 
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©ftfc> 0 E*6»»3S«J 9 fcffiVfoST*ifc5 0 C ©«#« 
Jt1*J9{±tt»0^e.ft'), C©ffl»<Dffi<D*ft*ftO 
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i C-GTO 1 4 2©$iJ®£\ S i-MOSFET 14 

[0 0 6 4] p + -S i CI1 3 4<D±ffi±fCn- -S 
i CM1 3 2jWP«*nT*D» HS&3n©n- -S i C 
Hi 3 2±iCp-S i CHI 3 3«^n> £©p- 
S i CHI 3 3±tn + gyx5'y£Hl 4 3*«^n 
TV5„ n + §IJx5-y^H 1 4 3K*V-H 1 3 9#\ 
p + -S i CH 1 3 4SffifC7/-F 1 3 8tf, pSH 

-xh 1 3 3 tcy- m 4 4 ^^nfMMsnt^ 

§ 0 *V-F 1 3 9KtiS i -MOS F ET 1 4 Otm 
KiStU f-b 1 4 4EI4HjSLftitt*»OS i C- 
F 1 4 1 tfjmZtl* H44t7 
/-F 1 3 8tfMO S F E T 1 4 5Ki!?J8lWSftTI/'> 

[0065] s/c, *nmnmcDp + -S i CH 1 3 4 
mnMmtcomicD^mfomiz, n--siCHi3 2 
&m2<D*mwmic, p-s i cmi 33^3©^ 

ttMfc, n + SJx5-y^Hl 4 3tt»4 04HW*MK, 
S i -MOS F ET 1 4 0 ttM 0 S X-T 'V f-fcftJfrT 

[0 0 6 6] #SMIB©S i C-GTO 1 4 2©*- 
y^-ytt, S i -MO S F E T 1 4 0 tMO S F E T 1 
4 5%^-^yr5CfcfCJ:»)fT7o MOS F ET 1 

4 5l$*-y*y?%>n£\c&*)7-\- 1 4 4##y- 
F 1 3 9fcWLTffi«ffli:a5o Cftfcj;^ y- M 
4 4fr6*V-K 1 3 9£JE/W7X£ttfcp-S i C 
Hi 3 3&t/n + - S i CHI 4 3*^LT*-;Wi« 
ti5o dntcffi/\ *-/l/#7/-F 1 3 8fr6#V- 
K13 9K«M0, SiC-GT0 14 2^yflfc^: 

[0 0 6 7] ffl^S i C^#ft©MOSy-FJ±*^« 

mcft^ZMO Sy— F&&OMO S F ET 1 4 OiCS 
iMffiffl^SLtCJ;!), MOSy-FOSK*<S< 

[0068] S iC-GTOl 4 2cD^->^7ti, S 
i-MOSFETl 40tMOSFETl 45^r^-> 



(7) 



1 1-274482 



tyt^^tK^^ofsoo mos f et i 4 oo^-y 

— F 1 3 9fcWnTV»S*— h 1 4 

tti-To <KD*-y*7Efc^T, *-;MtW©5l*tHU 

ES i C-^V^-F 1 4 1 

[0 0 6 9] 1 2 XffigSD 0 1 5 1 

(SO^CTfe^ «fflt&9^EM-0ffiWtr o 
331 S i Hi 4 

1 OttfcDfcVx-*— • *V*-F 1 5 1 zm^itzt 

e&s 0 

[0 0 7 0] COJ^IC, *->*7l*0*-;l'03l* 
WUcyx*- • ^*-Fl 5 lfcfflvSBCfcEJ: 
0> S i F l 4 1 £flii,\fciS£i:it«LT* 

[0 0 7 1] (S 1 3 *M2iO 0 1 6 «#8E<0!f§ 1 

S iC-GTOl 42 S1-MOSFET14 

nawi^So 35i o^fis^siiittJi-rsgp^ 
Kim-m^zttto ttc, *»iop + -s i 

C 1 1 3 4 ttmOX 3 fclB«<Z>» 1 ©¥#W1E, n - 
-S 1 Cff 1 3 2&S2 0¥«M*«K, p-SiCHl 

3 3tt»30^HWMUc, n + SxS-^jll 4 3&M! 

4 0D¥#fWiE, S i -MOS F ET 1 4 OiiMOSX 

[0 0 7 2] #mMM&<D S i C - G T O 1 4 2 <D£- 

mos f et i 4 5%$-y*yt%ctfc 

cfcOtf^o ^->^7(±, MOS F ET 1 4 5tt$-y 

*7U s i-MosFETi 4 

-M 6 ifr5#-^£?|£a-rci:f«:<J:9fT5o 
[0 0 7 3] iUSS 1 C^ifttiDMSnftMOS 

JB©«J;5ESiM^/H^5M0Sy-F£8oM0S F E 
T 1 4 0ES 9, MOSY-h 

[0074] cm 1 4 ismiq m 1 7 &##^<di? 1 

flR& /^K^+y^OJK^S i Cfc*mfcffl^fc7/ 
-K->3-hSiC-GT0170(:m, n~ - 

S1CI1 3 2>£T*&oT77-F 1 3 8 4:©#H5K:fc 
$2ftfcp + - S i C«l 7 1 E*fLT:t-5'y^tt 

1 7 3 i:&3 0 tt*H»®**v^M, ix.!i"N i , A 

u^£, 7/-F13 8ffli:LtfflMo COctdfr 
*tt**MR-rsci:fc:«fc»>, n- -S i CB l 3 2 Eft 

LT^3 7h+-itt!l7 4fc^^ p + -SiC«l 



71tn--SiCll 3 2^1^05511 7 2 

p + -S lCil71tn--SiC113 2<DJ8£E 
,fc»)£f 1 7 2 0«BBT*bTV^*. £fc> 

77- F 1 3 8fi&fiK|SB51\ ^«H{b^«^t»^S 

[0 0 7 5] #Mf#i<Dn- -S i CB 1 3 2 

ttmtm 5 i ©¥#wie> p-sicii33(i 
m2(D¥mfomic n+ sx=-y*Hi 4 314a 30* 

#f*HE, p+ - S i CSl 7 lti!g2*«S!®¥iilf* 
WC> 77- F 1 3 8fi±«ffiE*f£*S. 
[0 0 7 6] C©«fcSfc, il^C077-F • ^>3-h S 
i - GTOKfe^Ttin- ^-X«^77-F 1 3 8 t 

ics i c-GTOEfe^TftyMao^^JB^ry 

-F 1 3 BWBfcLTflBl^CtT, SiC-GTOl 

7 otcm^B^nit^ Aoffita^t-rsc: fc^-e* 

So fiM, uCDS i C-GTO 1 7 0(4*^*- K* 

So 

[0077] on 1 5 »s) Da 1 8 1 
fficoGTo 1 8o&, mi immi&tmuTs-vi/ 

3-FGT0T*£3tf N n-^-Xl 

1 8 l©SEEn + 88*1 84tp + MM1 8 5W^ 

[0 0 7 8] *ife, *^M^H©n- 1 8 H± 

6 ©m i cd^wie, p 1 8 2 (*$ 

2 n + ivy^ll 8 3 tttg 3 

UK, p + ami 8 5it*mi*mmic, 77-F138 

[0 0 7 9] CO*iaKJ:ntf« 1 4HS(SJBffiK*5^S 
S i C-GTO 1 7 0O'>3 7 h+-M®!l 7 4 fcflpfc 
fE*- =L>y^«!£&3fci6, G T 0 1 8 0 SttfiiS* 
B£E%SfcA,^Kffeair\ COGT0180C 
$»E£fSfcH±£fc46, GTO 1 8 0E«?iJES i C- 
iSW- F 1 4 1 £BMi£LtV5o fc*^ G T 0 1 8 0 

*/tn- ^-xili 8 ioij5taip-^-xl 

1 8 2*\ «6Ep-^-XJi 1 8 2±fcf±n + XS'V 

zm 1 8 3«snn^c 

[0080] dCDJ;3Es GTO 1 8 0ES i C^V^ 
-Fl 4 l^SBK-rSilfcE.tO^iiWSIlEifiBffi* 
«pfe**C ttfT*Z%b\ 94*- F 1 4 1 L 
TS i C5ffl^5C tE«fc 0^ E?U^LTWE^^/c 

- F^ifE^offia^^^ftSB^fSc: fcj^-p* 
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[00 81] ftfc, ±E» 1 1 ~£ 1 5»f#§TteG 
TOWdlL^ f-l'iJX^, IGBTf, pn 

OSi/^flfcLTS i C*/H^5»&*jj*L;fctf, S i 
[0 0 8 2] 

[0 0 8 3] Site, #&til<&i&#E2fcffiS¥«M*gSI 
fc«fcnHr, gfcS«S0*?*-O©vVy-!r--5*t>fcit 

[0 0 8 4] gfc, *Slll3<OifcR«3tC&3¥il^iI 

jcinar, s i j;t)^yK^t7»^-^^ 

3l6?©W3<D*IW*Ji3(p6S i«fc9;<>F*>»y7©R 
^MOSX^'yf-*3ILT*iffi&3l£tti-r;fcl&, flJHffi 

[0 0 8 5] *^(D!l*]S4fC^§^a»ftgB 
fC=};n^ S i &r*AyY¥\v7<Dfc^ttm^KZ> 

F -y 7<D$V xHflfr 6 & 3 * > JSSiOffiV >M 0 S X 

f 5 C £ K £ 0 X -y > ?'iS^P * ^ - >^ y-r § ft 

[0 0 8 6] Sfc, #8ipj<&i9#JS5EffiS¥#f*8B 

K±nar, si i ^2»i*nt±«tcDWffi^^3 -y f 

[0 0 8 7] *f^<DfS*Wcf£5W*SB 
fcifttf, X^'y*y?sK?KE9J{c8Ja-f S^tf- 
FfcLTS i Jjt>fe/OK*+'yyoj£v*»#*»64 

- Ffciwufcaaw-sc on?**- 

[0 2] jfmn<D%3mm\mzm*mwmw.n$!>(D 
[03] *»wo»4^fis«aiK«siiHW*«Brtas© 

¥ffi0o 

[0 4] *^om5^M»^§^»aHrtg|3cO 
f4*0o 

[05] *nw<»mzmmm\m%*mmmn%!><o 

[06] *»fHO»7l0fi»!lt«:ffS¥#{*«Brtfl5O 



[07] *mmm8nMftmimz>is3v f*- • * 

-f*- F'OWSfH. 

[0 8] mnMBmic&tfZi/a y F*- • F 

[09] m-mm\m\zm^s3 «y f*- • f 
©»!)fixg^^-rifffi0c 

[010] #«lfl©fg9£fifijgflifcffi5$'3 -y F+- • 
^V*-F©»rffi0o 

[011] ^JiMcfctf 3^3 -y F+- • 0V*- 

F08BtIg**-f»riSB. 

[012] mnMBMlctsV%i/Bv F+- • 

FOS!3iXS*^-rWfiSH. 

[01 3] #58P!<I>tf§l 0gfifiJ&fl8Kffi5¥ilW*gH© 

«^0o 

[014] #8f8©f&i 

[01 5] 2gffi^ffifcfc5¥#ttSif© 

*5£Bo 

[016] 3%K«IB(cft«¥W<cSB<0 

«S0o 

[0 17] *fPJMl 4^&IB£ftS¥*ttSB<?) 

Hffffi0o 

[018] ^nojgl 5^KflR£ff«¥*ttSK0 

1 Mv + VVtffr 

2 94*- F 

4 ^y^yfm^vf 

5 SlCm-Ff»7* 

6 fg&ft 
7 

9 SfelMft 

7 1 tf-S-y^Wffi 
7 2 n + -SlCl 

7 3,1 3 2 n--SiCl 
7 4 -yayh^-li 
7 5 

7 6 U^X F 

7 7 ^Xh^^-y 

7 8 VX£ 

13 1 Si C-MO SSiJffl-tMUX* 

13 3 p-SiCI 

13 4,171 p + - S i CI 

13 5 n^-SiCi 

13 6 MO Sy-F 

1 3 7 "<-X 

138 7/-F 

1 3 9 #7-F 
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1 4 0 


S i -MOS F ET 


1 7 3 




1 4 1 


S i C^*-H 


1 7 4 




1 4 2 


S i C-GTO 


1 8 0 


GTO 


1 4 3 


n + §Jx5>y£/I 


1 8 1 


n- ^— XH 


14 4, 


161, 16 2 y- h 


1 8 2 


p- <-v-xii 


1 4 5 


MOS F ET 


1 8 3 




1 5 1 




1 8 4 


n- mm 


1 7 0 


7/-H ">3-hSiC-GT0 


1 8 5 


P + mm 


1 7 2 


ass 







mil [02] 
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tfHPF 1 1 -2 7 4 4 8 2 




[07] 
74 



TO ¥«gH ( 73 n--SiC ■ 



nr-SiC 



71 -j^SS 72n + -SiCH 



,73 n-SiC 1 
.72 n+SiC S 



[01 0] 



(f) 

[0 1 2] 



75 



(e) 



zzzzkzi— 
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[013] [014] 



141 SiC M *- K I40Si-MOSFET 




138 7^- K 



131 SiC-MOSflJW-tH u** A 



Si-MOSFET 140 
* y- K 139 



151 "At- 



: =5L, r_/ 



n E + -SiC 



PB -SiC 




n B --SiC 



-) 

M38 7V-K 



--■H32 

145 

•134 MOSFET 



ay- K 



ft 



p B -SiC 



Ld'J f6iy ~ h 



1 ,,,p?; slc 



~~_i!34 



s — - 

138 7V-K 
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^ SIC-GTO > 



n^-SiC 



p B -SlC 



139 fi-J-Y 

144 f— V 



p E + -Si(M7l "B"- SiC 



4J3 
-172 fflSS 



173 



[0 1 8] 
, 180 GTO 



| 139 a K 



vzzzzzm 



i*l Pe ) ns f ( Pe , ) "s t' 

\ ^5 



138 7/- K 

J4I SiC *"f*-K 
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